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Abstract 
The diagnosis of student’s misconceptions and the identification of the reasons for these misconceptions are prerequisite for 
conceptual changes. Water surface tension, cohesion and adhesion are the basic subjects of secondary school curriculums. 
Grasping these concepts is key to understanding more important life processes with regard to water, particularly water and 
mineral uptake of plants. Also these terms are closely related to key concepts in physics and chemistry such as energy usage, and
cohesion and adhesion of molecules. This study aimed to identify students' misconceptions about surface tension, cohesion and 
adhesion and their role in water and mineral uptake in plants with a questionnaire featuring open ended questions that demanded
short answers. As a result, it has been seen that many teacher candidates hold misconceptions about water surface tension, 
cohesion and adhesion, and their chemical, physical and biological properties and functions  
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1. Introduction 
At the surface of water, the molecules are pulled inwards by other molecules thus shrinking the surface area of 
water until it has the lowest surface area possible. Therefore, surfaces are found to be highly dynamic regions, which 
readily rearrange or react, so that energy is often reduced by processes such as cohesion and adhesion. In this case, 
surface of the water behaves like an elastic film on which the insect's feet cause indentations in the water's surface, 
increasing its surface area. Moreover, water molecules form on capillary environments and enable the formation of a 
water pulling power between the plant’s environment and leaves due to cohesion and adhesion formed in the 
environment.  
Cohesion is the sticking of the molecules of a substance to one another, and one of the most common examples is 
water beading up on a hydrophobic surface. Hence, the negative part of one water molecule will attract the positive 
parts of other, nearby molecules. This is why water falls from the sky as raindrops, and not as individual molecules. 
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Water molecules are not only attracted to each other. When a molecule attracts to a different substance, this is 
called adhesion. If there is a stronger attraction to some other material such as plant vessels, they spread out and try 
to get close to them. The fact that some plants’ lengths are 100 meters and higher (as in Redwood plants) makes it 
difficult for students to understand how plants take the water and dissolved substances from the soil with their roots. 
This situation may cause some misconceptions (Barman  et al., 2006). It is widely known that students have 
misconceptions about the basic physical and biological aspects of water molecule transport to plant leaves as well as 
about other related mechanisms (Hapkiewicz, 1992). It is also known that some students think that cohesion, which 
enables formation of huge water molecules as a result of water molecules’ pulling each other, and adhesion, which 
arises as a result of pulling of water molecules by other molecules, are the same and they also think that liquids rise 
in capillary tubes as a result of the suction power. Another misconception observed among students is that some 
believe that the pressure of all liquids has only a downward effect and they do not know that root pressure has a role 
in water uptake (Kesidou, Duit, 1993). For this, present study aimed to find out whether students had the ability to 
explain some water-related events they had observed in daily life with chemical, physical and biological 
mechanisms. In this respect, the objective of this study was the determination of students’ degree of knowledge of 
surface tension, adhesion, and cohesion.
2. Methods 
This study was conducted in May 2009 in Selcuk University, Faculty of Education, Biology Education 
Department with 23 students having taken Plant Physiology course in their third year. Students were given the 
questionnaire was prepared through modifying the previously prepared questionnaires (Carter, 2004) in view of the 
misconceptions on surface tension, adhesion and cohesion. Therefore, students are given certain experimental 
pictures and asked to give answers to short open-ended questions with basic concepts about the topic (Driver & 
Erikson, 1983) For the analysis of the findings, Statistical Package for the Social Sciences (SPSS 15.0) was used.
3. Findings 
In order to analyze student’ responses a previously prepared answer key has been used as shown in Table 1. 
Table 1. The percentage and frequency distribution of students’ answers
Questions unanswered False  Partially true C. true Total
f % f % F  % f % F % 
1 1 4,3 15 65,2 6 26,1 1 4,3 23 100,0 
2 0 0 2 8,7 12 52,2 9 39,1 23 100,0 
3 0 0 3 13,0 10 43,5 10 43,5 23 100,0 
4 5 21,7 10 43,5 7 30,4 1 4,3 23 100,0 
5 2 8,7 11 47,8 10 43,5 0 0,0 23 100,0 
6 5 21,7 13 56,5 5 21,7 0 0,0 23 100,0 
7 2 8,7 5 21,7 9 39,1 7 30,4 23 100,0 
8 3 13,0 11 47,8 1 4,3 8 34,8 23 100,0 
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In this respect, in the first question, students explained the rise of a liquid in colored plastic glasses through the 
celery roots by diffusion or osmosis mechanisms. Only 26.1% (partially true) and 4.3% (completely true) of the 
students accurately expressed that this event was an adhesion (Fig. 1). The difference between students’ false 
answers and completely true answers was found to be significant at (P < 0.03) level.  
           
Figure 1. The students’ view about the rise of a liquid in celery roots 
Many of the answers to 2nd and 3rd questions were found to be partially or completely true. In the second question 
it was seen that students knew that water rose up to the branches of plants and trees because of the pulling power 
(52.2% partially, 39.1% completely true). In the third question, they knew that the power which kept water 
molecules together was cohesion power (43.5% partially, 43.5% completely true). As for the fourth question, 
students were asked about a situation in which both cohesion and adhesion functioned together and the majority 
gave the pulling power related to leaf surface (43.5%) as an answer to this question and did not mention adhesion or 
cohesion (false), while some did not make any comments (21.7%) (Fig. 2).
Figure 2. The students’ view about the function of cohesion and adhesion forces on the occurrence of rain drops on the surface of leaves. 
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In the fifth question, the reason why a metal clip put on water surface did not sink was asked and it was found 
that the majority of participants did not know of the surface tension which arose as a result of surface tension 
(47.8%) (Fig. 3). None of the students used the term surface tension, some students said the clip did not sink since 
water molecules were bipolar thus giving rise to a pulling power among themselves as well as between themselves 
and the clip (43.5%). Although these students did not mention water surface tension, they provided partially 
acceptable answers. The fact that none of the students provided the correct answer was seen as a significant finding. 
Figure 3. The students’ answers about why a metal clip put on water surface did not sink (surface tension) 
The answer to the sixth question (Fig. 4) showed a similar pattern and it was seen that none of the students knew that the 
ability of the insect to walk on water is related to water surface tension. Although the majority knew it might be due to the 
pulling power among water molecules, they did not use the term water tension (21.7%), and for this reason these answers 
were accepted as partially correct. 56.5% of students tried to explain morphologically that insects were light, they had web 
like structures in their feet and foot hairs. 21.74% of the students did not provide any explanation.  
Figure 4. The students’ answers about the ability of the insect to walk on water. 
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When the answers to the seventh question were analyzed, it was seen that the majority basically (partially true 
39.1%, completely true 30.4%) knew that pulling forces among molecules and adhesion and cohesion are effective 
in the transport of water and dissolved substances. Only 21.7% of students had inaccurate knowledge on the 
transport of water and water soluble substances from root to leaves. These students tried to explain the transport of 
minerals by diffusion and a few by osmosis. However, the difference between accurate and wrong answers was not 
found to be significant. 
In the eighth question, students were asked whether energy was necessary for carrying water from root to leaves 
and the majority of students thought that it was necessary (47.8%) (Fig. 5). The fact that some left it unanswered 
(13.4%) shows they did not possess enough knowledge about this subject. Another portion (34.78%) argued that 
energy is not consumed during transport in plants. Although the majority had inaccurate information on this topic, 
the difference between wrong and correct answers was not found to be significant. 
Figure 5.  The students’ answers to whether energy was necessary for carrying water from root to leaves. 
4. Discussion 
Experiments are research tools used in scientific studies which aim to help students gain permanent information 
about a basic event they have difficulty in conceptualizing. For this reason, an experiment should make it possible 
for targets to be tested and help remove possible misconceptions in the education stage. However, for all these to be 
performed, biology teacher candidates should be educated in theory and practice in such a way that they have to be 
able to organize theory and practice appropriately. In this study, the application of a questionnaire about basic 
properties of water and water transport in plants revealed, that most students had misconceptions, which supports 
previous findings (Hapkiewicz, 1992). It is meaningful that the findings of this study shed light into how students 
establish relationship between theory and practice. As it is known, in plants, transport of water and water soluble 
molecules to leaves occurs by adhesion and cohesion forces. These concepts denote interactions between water 
molecules and other molecules around them. The interaction is generally maintained through hydrogen links in 
molecules and happens without consuming energy, by means of a capillary movement in a capillary system (in the 
xylems of plants) by the uprising of water by itself. This move observed in plants is known to be a typical example 
of adhesion and cohesion. The rising water molecules form cohesion with the pulling power they apply among 
themselves. In this way, water molecules rise, enter the leaves and evaporate as the stomas open inside leaves.  
This study has shown that most of the students do not know the difference among cohesion – which occurs 
among water molecules, surface tension – which results from pulling power and adhesive force – which forms 
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between water molecules and other compounds. Also they are not aware of the fact that a clip does not sink because 
of water’s surface tension. Surface tension arises due to the pulling force among water molecules, and this enables 
an insect, a clip to stay on water without sinking. In cells and their organelles, water is in contact with hydrophilic 
cell membrane proteins and these surfaces pull water towards themselves. Although students knew of the existence 
of a pulling force among water molecules, they could not grasp the practical importance of the water surface tension 
and therefore they did not realize the biological importance of water. 
5. Recommendations / Conclusion 
This study shows that biology teacher candidates do not have enough knowledge on the basics of water uptake in 
plants where physical and biological events take place together; and that they confuse cohesion and adhesion with 
osmosis and diffusion, which are basic mechanisms in water and substance uptake in cells. They think that energy is 
consumed in large-scale transport events, too, as in the transport of active material via the cell membrane. This is a 
misconception and no energy is spent during the transportation of water. 
This study which can be considered as a small-scale pilot study should be replicated with a larger sample and in 
an experiment based fashion. The findings of these must be used in the teaching of surface tension, adhesion and 
cohesion events. 
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